INTRODUCTION
Trauma is still a major reason for global morbidity and mortality 1 . Massive bleeding is the main cause for trauma related deaths 2 and is considered to be most common preventable 3, 4 . More than 30% of bleeding trauma patients present trauma induced coagulopathy (TIC) at hospital admission 5, 6 . The current European guideline on management of major bleeding and coagulopathy following trauma recommend a quick and aggressive treatment of bleeding trauma patients. This contents a direct transfer to an appropriate trauma treatment center to establish hemostasis and combined with other surgical measures the use of topical haemostatic agents 7 .
Utilization of topical hemostatic agents in severe bleeding has been described since the beginning of the ancient world 8 . Several agents characterized by disparate mechanisms are commercially available.
The use of these agents is common in the prehospital as well as in the hospital setting and application of topical haemostatics is well reported [9] [10] [11] .
One way for classification of topical hemostatic agents is based on the mechanism of action and effects on tissues as specified by Khoshmohabat et. al. 10 . Following groups of agents can be discriminated: 1) Factor concentrators: work through fast absorption of blood water content concentrating the cellular and protein components resulting in clot formation.
2) Mucoadhesive agents: work through a strong adherence to tissues and physically block bleeding from wounds by sealing them 3) Procoagulant supplementors: delivering procoagulant factors to the hemorrhagic wound.
Polysaccharid particles as investigated in this study are classified to group 1. . 4DF particles minimize bleeding and form a gel which itself is also highly effective as a barrier against adhesion formation 14, 15 . 4DF consists of polysaccharide particles which have a high capability to absorb water as described above. However, Korell et al. observed application of 4DF in gynecological patients with large size peritoneal trauma and massive bleeding and described a rapid and sufficient hemostasis. After application of 4DF there was neither necessity for other hemostatic agents, nor for conversion from laparoscopic to open surgery. Also postoperative transfusions were not necessary 15, 16 . As possible reason, a concentration effect of coagulation factors and blood cells in wounds to accelerate clotting enhancing hemostasis is discussed 16, 17 . Current evidence suggest that excessive resuscitation with i.v. fluids before bleeding control in active bleeding trauma patients can increase bleeding 18 and worsen TIC 19 . There are still trauma patients receiving 2-4l of fluid prehospitally and/or during initial resuscitation 20, 21 . Main reason for this iatrogenic dilution is unguided administration of fluids in the acute phase of trauma 2 . It is known that bleeding trauma patients who initially received more than 2 liters of fluid for resuscitation compared to a low volume group had a significantly worse coagulation profile, required more blood products and had higher incidence of organ failure 22 . Thus, extended prehospital fluid therapy in severely injured trauma patients can be considered as an independent risk factor for mortality 23 .
Aim of the present study was investigation of the impact of 4DF on dynamic viscoelastic coagulation parameters as assessed by rotational thromoelastometry with a focus on possible dose dependent effects of 4DF in undiluted as well as in 50% HAES diluted whole blood samples.
MATERIALS AND METHODS
The study was approved by the local ethics committee. 10 participants were included into the study. All participants gave informed oral and written consent, were healthy at the time and had no medication intake for at least seven days.
Blood samples were drawn form a peripheral vein of the upper extremity after appropriate and standardized venipuncture. Samples were collected into citrated tubes (Sarstedt AG & Co, Nümbrecht, Germany) and the first 5ml of blood were discarded and remaining tubes were filled with the recommended volume of blood.
Sample preparation
5 mg, 10 mg or 20 mg of 4DryField ® PH (4DF, PlantTec Medical GmbH, Bad Bevensen, Germany) was added to each test into the testcup before test initiation (sample volume 300μl). Then extrinsically activated tests (EXTEM) were performed according to manufacturer´s standard procedure advice.
For evaluation of dilutional effects all tests were also performed in a 1:1 dilution with 6% hydroxyethystarch (HAES 6%). The specific protocol of sample preparation is shown in figure 1 . 
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All tests were performed on a commercially available rotational thromboelastometer (ROTEM delta; TEM International GmbH, Munich, Germany) and were initiated without further delay. Principle and procedure of ROTEM as viscoelastic coagulation-testing device is similar to classical thrombelastography as described by H. Hartert 24 and described in various publication before 25, 26 . In brief, clot formation alteration is measured by the device and displayed in typical tracings as well as different parameters of time and clot firmness. We performed an extrinsically activated test (EXTEM) 27 which analyzes the coagulation process after activation by recombinant tissue factor. Following parameters were recorded: Coagulation Time (CT (s)) which describes time from start of the reaction until first clot formation. Furthermore, Clot Firmness after 10min (A10 (mm)), 20min (A20(mm)), and the Maximal Clot Firmness (MCF (mm)) of the entire measurement were registered.
Statistics
Data were exported to Prism 6 (GraphPad Prism version 6.0, GraphPad Software, La Jolla, California USA) for further descriptive and explorative data analysis. All data are expressed as mean values ± standard deviation.
Analysis of variance (ANOVA) for repeated measures was used after testing on normal distribution (Kolmogorow-Smirnow-test). A pvalue <0.05 was considered as significant.
RESULTS
The 20 mg 4DF group (which is comparable to recommended normal dosage) all showed irregular rotation thromboelastometry tracings. Thus, results were considered to be irregular and were eliminated from statistical analysis. An example of an irregular rotation thromboelastometry tracing in the 20mg 4DF group is shown in figure 2 .
Further results are shown in tables 1 and 2 as well as in figures 3 and 4. 
Figure2. Sample of an irregular ROTEM tracing after addition of 20mg 4DF to the test
Figure4. Coagulation time (CT) in undiluted and 50% HAES diluted samples after addition of 5 mg 4DF (light grey boxes) or 10 mg (dark grey boxes) in comparison to untreated samples (baseline, white boxes). Statistical significant differences to baseline are marked with a star (*). Normal range of CT is highlighted with a light grey background.
Effects of Microporous Polysaccharide Powder in a Model of Dilution on Viscoelastic Characteristics of Clot Formation -An In-Vitro Study
Addition of 10mg 4DF significantly reduces CT and increases A10, A20 significantly in native blood as it does in diluted blood. MCF was also affected. Clot firmness parameters were significantly improved in both undiluted as well as in diluted samples.
In native blood coagulation parameters were improved to the upper level of normal range. In 50% HAES diluted blood EXTEM values were improved from severely reduced to slightly below normal range.
DISCUSSION
Our results suggest that addition of 4DF increases speed in clot formation and clot strength in diluted as well as in undiluted blood with capability of enabling almost normal coagulation even under conditions of 50% HAES dilution. The main mechanism of 4DF due to its specific molecular structure is capability to absorb water from the bleeding site. This attribute results to the relatively large surface of 4DF micro particles. After application of 4DF cellular components of blood like thrombocytes and clotting factors are concentrated on the primary site of bleeding.
Speed of coagulation is directly dependent on concentration of coagulation factors and the potential of thrombin generation. In this content thrombin generation and formation plays an important role in initiating first clot formation 28 . Thrombin activates platelets and converts fibrinogen to active fibrin 29 . The elevated concentration of coagulation factors and thrombocytes on the site of bleeding after water retraction by 4DF accelerated speed of coagulation. According to speed of this reaction CT is affected in its length in seconds. A dose depending reduction of the CT respectively an increase in coagulation speed represents the mechanism described prior.
4DF increases clot strength. Most important components for clot strength respectively firmness are platelets with normal function, FXIII and fibrinogen 30 . An increased concentration of these main determinants for cloth strength is proportional to an increase in clot firmness. We found a concentration effect of 4DF which also seems important for clot strength. 4DF has the ability to form a gel when absorbing liquid blood components. This gel seems able to stabilize the coagulum.
After adding 20 mg (normal dose) 4DF ROTEM was not able to assess regular clot formation resulting into irregular curves (example in fig.1 ). We interpret this phenomenon as highly indicative for massive decreased coagulation time and increased clot firmness. However, these irregular curves and consecutive impossibility of ROTEM in assessment of such instant massive coagulation led to retraction of 20mg values from statistical analysis. However, we suspect further relevant improvement of clot formation speed and clot strength beyond dosages of 10mg 4DF since further application of 4DF could lead to even more increased fluid retraction resulting in higher local concentration of coagulation factors and following further increase of coagulation speed. Moreover, in a clinical setting use of the normal dose (20mg) might be unproblematic due to the reported high biocompatibility of 4DF 13 . Dilution of coagulation factors is known as one possible cause of clinical coagulopathy in trauma 32 . Beside generally reduction it is actually not well understood how simple reduction of all single factors effects procoagulant, or anticoagulant status. Monroe calculated a model with a 37% reduction in single factor concentration to result in a 75% reduction in overall complex activity 33 .
Dilution with colloid infusion and in particular hydroxyethyl starch is not only known for a reduction of coagulation factors. Hydroxyethyl starch has a specific effect of impairment on the coagulation system: it impairs thrombin generation, platelet activation and fibrin formation 32 . Most relevant effect is impairment of fibrin polymerization. Furthermore, HAES has significant effects in impairment of platelet function. This effect represents an extracellular coating of the platelet surface with colloidal macromolecules. This coating leads to an inhibition in conformational changes and interaction of glycoproteins with their ligands, such as fibrinogen 34, 35 . Thus, 50% HAES dilution was used as a model for impaired coagulation to assess 4DF effects even under these clinically relevant conditions. As described capability of 4DF in absorbing liquids in wounds plays a major role. Increasing concentration of coagulation factors and platelets accelerate clot strength and speed of coagulation even under dilution. Since 4DF forms a gel by absorbing liquid blood components and consecutively increases local concentration of coagulation factors we suspect this increase in concentration to directly increase speed of clot formation and clot stabilization. Furthermore, the gel itself can build a mechanical barrier to the wound site which could lead to further reduction of blood loss.
Beside TIC further indications could be of interest as for example the use of 4DF in Jehovah's Witnesses or other patients that do not accept blood-, plasma-or platelet transfusion. In this situation liquid substitution by crystalloids or colloids can lead to dilution and coagulopathy is a common resulting clinical finding. 4DF could be an option for this situations 36 .
Another possible indication could be in patients with chronic liver disease that present a decrease of both procoagulant and anticoagulant factors and a high risk of bleeding and thrombotic events 37 . 4DF could decrease the risk of bleeding without having any intravascular effects. A possible hypercoagulative effect of any intravenously applicated procoagulant agent could be avoided 38 . The present study is an in vitro study and thus has limitations. We used a ROTEM-based model to measure influence of 4DF on coagulation. Since tissue factor is the primary physiologic initiator of coagulation the EXTEM test appears most appropriate to measure coagulation alterations comparable to in vivo coagulation as it is activated by recombinant tissue factor. However, in vivo factors like acidosis, hypothermia and in particularly hypoperfusion with endothelia mediated activation of the protein C pathway and resulting hyperfibrinolysis is missing in this model 2 . In ROTEM, blood samples have no interaction of the endothelium with coagulation factors. Furthermore, there is no change in pressure or bloodstream as in active bleeding. Furthermore, dilution of blood with 50% HAES is not exactly comparable to a blood sample of patients with a traumatic induced coagulopathy (TIC) and dilutional coagulopathy. All this factors are limitations of this study and might reduce explanatory power of the data. We suggest further research to prove in vivo efficacy
CONCLUSION
Application of 4DF significantly increases speed of coagulation and clot firmness. We demonstrated a dose depended improvement of coagulation -even under conditions of dilutional coagulopathy.
With the use of normal dosed 4DF clot firmness in 50% HAES diluted blood is comparable to that of a native coagulum and might be capable to support other surgical measures in acute bleeding patients.
We speculate that higher doses of 4DF in HAES dilution are needed to support sufficient coagulation. Further clinical trials are necessary to prove in vivo efficacy.
